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@ Amlnoplast resin particles, a process for their manufacture and their use in paper products. 



(5) Aminopiast resin pigments for paper making comprise 
large surface area (>5 m 2 /g) particles, preferably of size 
below 200 urn, made from an aminopiast resin made by 
condensing formaldehyde with urea and/or melanine in the 
presence of 0.2 to 15 moles, per 100 moles of formaldehyde, 
of sulphite, phosphate, phosphite or borate radicals. The 
resin may be converted to the particulate form by gelling the 
resin in extended form by dilution with an aqueous acid, 
followed by drying, curing, and comminution of the gelled 
resin. To effect gelation in extended form the resin is 
preferably diluted to a resin solids content of less than 25% 

t" by weight by the addition of sufficient acid to cause gelation 

^ within 20 minutes. 

10 

o 

0) 

in 
o 



o 

OL 



Croydon Printing Company Ltd. 



0005905 

• 

i 



TITLE MODIFIED 

see front page 1 B ' 

Aminoplast resin -particles 

Urea-formaldehyde resin pigments are known and are sold 
as additives for paper (see, for example, Paper Technology June 1974 
p 164, Makromolekulare Chemie, 1971 » 149 P 1 - 27 • and UK Patent 

5 Speoifioatians 1239143. 129646, 1318244 ana 1451973). 

These pigments are prepared by treating a UP resin with, 
for preference! eulphamic acid and a surfactant. The pigments 
confer a good colour and improved opacity to papers, and improved 
bulk. 1 Such pigments do, however, decrease the strength of the 

10 paper and are not totally retained in the paper web during papers- 
making. 

Ve have now produced an improved pigment for papermaking, 
which is substantive to oellulose pulp, is therefore eaBily retained 
with little, if any, loss of paper strength and whioh can be easily 
15 and efficiently prepared. 

In our German OLS Specification 2754525 (which corresponds 
to UK Application 51199A^ and US Serial No. 857972) aminoplast 
resin, eg UP resin fibres having certain Inorganic oxyacid radicals 
incorporated therein are desoribed. These fibreB are made by forming 
20 a concentrated aminoplast resin solution containing the inorganic 
oxyaoid radicals and then converting the resin solution into fibres, 
eg by centrifugal spinning. 

Ve have now found that improved pigments for paper TnaVJng 
can be formed from aminoplast resins containing suoh inorganic 
25 oxyacid radicals. In order that the resin is suitable as a paper 
pigment it has to be converted to a particulate form having a high 
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eurfaoe area, for example In excess of 5 m /g. This can he 
achieved hy causing the resin to gel and polymerise in an "extended" 
form consisting of high-area particles lightly bonded together 
whioh can, after curing, he comminuted to a powder form. 
5 Accordingly we provide particles of an aminoplast resin 

comprising a condensate of at least one amino compound selected 
from urea and melamine with formaldehyde containing 0.2 to 15 . 
inorganic oxyacid radicals selected from sulphite, phosphate, 
phosphate, phosphite and borate radicals, per 100 methylene 

10 radicals in the resin, said particles having a surface area of at 

2/ * * 

least 5 © /g* 

The aminoplast resin is a condensate of urea and/or. 
melamine with formaldehyde. The molar ratio of formaldehyde to 

amino groups is preferably in the range 0.6 to 1.2, particularity 

- 

15 ahove 0,75. Where the aminoplast reBin is a urea formaldehyde 
resin, vhich is to be preferred, this corresponds to a formalde- 

tyde: urea molar ratio range of 1.2 to 2.4/ particularly above 

. ... 

■ 

1.5. 

The amin o compound is generally initially condensed- 
20 with formaldehyde in an aqueous medium, eg by the use of an aqueous 
solution of formaldehyde, ie formalin, under neutral or alkaline 

conditions. The inorganic oxyacid radicals are incorporated at 

■ 

this stage, either before or during this initial condensation. 
The. inorganic oxyacid radicals may be incorporated by the addition 
25 of the appropriate acid or by addition of one or more salts that 
give rise to such radicals. Because of the need to avoid premature 
crosslinking, a pH above about 6 is normally maintained during the 
. initial condensation. Where the inorganic oxyacid radicals are 

. * • 

* , - * 

added as the acid, some alkali may also be required to maintain 
30 the necessary pH. The Inorganic oxyacid radicals are thus prefer- 
. ably added as salts . . Examples of suitable salts include sodium 
sulphite, sodium metabisulphite, sodium dihydrogen phosphate, 
sodium hydrogen phosphite and sodium tetraborate {borax). Mixtures 
of such salts may be used, for example sodium sulphite in admixture 
35 with sodium metabisulphite. In the case of sulphites, the radicals 
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may be introduced by the Incorporation of the reaction product of 
formaldehyde and sulphites, eg by addition of sodium formaldehyde 
bisulphite. The reduction product thereof, viz Bodium formalde- 
hyde sulphoxylate, is readily oxidised to give sulphite radicals 
and so may also be used as a source of Bulphite radicals* 

The amount of inorganic oxyacid radicals used is from 
0.2 to 15t preferably 0.5 to 10, particularly 0.7 to 5, moles per 
100 moleB of formaldehyde. During the condensation and curing of 
the aminoplast resin water is produced and the amino compound be- 
comes linked by methylene bridges derived from the formaldehyde. 
Consequently the presence of x mole % (based on formaldehyde) of 
inorganic oxyacid radicals during the condensation results in x 
Inorganic oxyacid radicals per 100 methylene radicals in the amino- 
plast resin. 

As mentioned hereinbefore, in order to obtain the resin 
in a particulate form having a high surface area, the resin may 
be gelled and polymerised in an extended form. Formaldehyde resins 
are normally gelled, eg in fibre production as described in afore- 
said OLS Specification 2754525iby adding to a concentrated resin 
solution, eg having a viscosity of 5 - 100 poise, a small amount 

* * 

of a curing catalyst, eg 5 ml of a 5^ aqueous phospheric acid 
solution per 100 ml of the concentrated resin solution. Such a 
concentrated renin solution may typically have a solids content 
of 55 - 7<# by weight. 

In contrast thereto, in order to obtain gelation in the 
extended form, sufficient catalyst solution, optionally together 
with additional water, 1b added to dilute the resin considerably, 
eg to a solids content below 25% by weight. Also the amount of 
catalyst, which is a strong acid such as sulphuric, hydrochloric, 
or phosphoric acid, must be sufficient to ensure rapid gelation. 
In particular sufficient acid should be added to ensure that the 
resin gels within 20 minutes of the time of acid addition. The 
maximum time permissible for gelation will depend an the extent 
of the condensation at the time of acid addition. Thus, during 
storage, condensation tendB to continue slowly, with an observable 
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increase in viscosity. Also in some resins the initial condens- 
ation may have been continued to a greater extent than in other 
resins. As a general guide, the amount of acid that iB added should 
he sufficient to ensure gelation within 10 minutes of acid addition 
5 if the resin has heen condensed, at the time of acid addition, to 
an extent equivalent to that of a resin of the same composition 
which, at a solids content of 66% by weight, has a viscosity of 
more than 50 poise* Where the resin has been condensed to a lesser 
extent, ie equivalent to that of a resin having a viscosity of less 

10 than 50 poise at 66% by weight solids, the amount of acid added 
should be sufficient to ensure gelation within 20 minutes. 

It will be appreciated that simple experimentation will 
indicate how much acid iB necessary to obtain gelation in the 
extended form. The amount of acid required will generally be with- 

15 in the range 5 to 20% by weight (expressed as 100% acid), based on 
the weight of the reBin solids. 

The aminoplast resin produced by condensing the amino 
compound and formaldehyde will normally have a solids content in 
the range 30 to 50% by weight. Normally the resin is concentrated 

20 to a solids content within the range 55 to 70% by weight, generally 
to above 60% by weight. Omission of such a concentration step 
presents storage problems owing to separation, on standing, of 
crystalline methylolated derivatives of the amino compound. Such 
crystalline derivatives tend to be difficult to resolvate. However 

25 where the resin is used directly to produce the pigment powder, with 
no intermediate storage, such a concentration step is not essential. 
Thus in order to ensure gelation in the extended form the resin 
is diluted, either with or without an intermediate concentration 
step, to a solids content below about 25%, particularly to below 

50 22#, by wei^at. Insufficient .dilution tends to increase the 

density of the gelled resin masB making the latter harder to com- 
minute into high area particleB. Also insufficient dilution tends 
to reduce the surface area of the resultant particles. If any 
given resin is diluted by more than a certain extent, generally 

35 corresponding to a solids content below about 10% by weight, 
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presipitation of portions of the reein rapidly occurs. It is 
therefore preferred to dilute the resin to a solids content be- 
tween 13 and 22% by weight. The dilution is preferably performed 
in stages by first diluting with water and then adding the approp- 
5 riate amount of an aqueous solution of the acid to give the 

requisite concentration of acid catalyst and the requisite degree 
of dilution. 

Tinder these conditions, the resin system gels and poly- 
merises in an extended form consisting of high-area particles 
10 lightly bonded together. During the gelation stage little, if any, 
aqueous material is expelled from the system; this is unlike the 

normal gelation of aminoplast resins, where considerable syneresis 

« 

can take place. The low density gelled mass (which may be in the 
form of a cast block) has then to be cured and disintegrated to 

l^ form the pigment particles. Conveniently the cast block is first 
broken up into small pieces and dried, for example in an air oven 
at 50 C. The dried gelled resin is then cured, typically by heat- 
ing in an oven for 15 minutes to 4 hours at temperatures within 
the range 100 to 2O0°C. Preferred curing conditions are 30 minutes 

20 to 2 hours at 110 to 140°C. The cured resin mass typically has a 
density within the range 0.1 to 0.3 g/cm'. The cured resin is then 
comminuted to produce the pigment particles. The comminution, 
preferably by grinding or milling, is preferably conducted to 
produce particles having a size below 200 urn, particularly below 

25 100 jjm. The particles however preferably have a particle size 

above 5 pn. The final grinding or milling may be done, advantage- 
ously, in water to produce a slurry suitable for addition to paper 
furnishes • 

The pigment particles may be used in paper made from 
30 mechanical and/or chemioal oelluloBic pulps but are of particular 
utility in papers based on ohemioal pulps, eg kraft or birch 
sulphate. The cellulose pulp may be used alone or in conjunction 
with synthetic fibrous materials suoh as polyolef in fibres and 
urea-formaldehyde f ibreB (for example as described in our German 
35 OLS Specification 2810299 - corresponding to TJS Serial No. 883667 
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and T3Z Application 10404/77)* Paper compositions preferably con- 
tain 1 to 25, particularly 2 to 15# by weight of the pigment 
particles. 

The pigment powders according to the invention are, 
5 particularly when used in conjunction with multivalent ions such 
as Al , Ti , Fe , and Zr 1 * , readily retained on paper webs and 
improve opacify, colour, and in some instances the bulk. 

The particles are substantive to cellulose and to other 
particulate matter in the paper furnish and so assist In the 
10 retention of other, for example inorganic, pigments and fillers. 
The strength of the paper web iB less diminished than with TIP pig^ 
ment partioles unmodified by the inorganic oxyacid radicals, and 
in some cases may be increased. 

In the following examples all parts and percentages are 
15 expressed by weight. 

EXAMPLE 1 

Preparation of gelled resin particles 

3560 parts of formalin (containing 36. 6# formaldehyde 
and 5.79i methanol) was mixed with 1303 parts of urea, to give a 
20 formaldehyde: urea molar ratio of 2:1, and warmed to 50°C to 

effect dissolution. To this 5 parts of sodium sulphite Na^SO, and 

'23 

186 parts of sodium metabisulphite Na^O^ were added, the pH 
adjusted to 9 and the mixture refluxed for 30 minutes. The pH was 
then reduced to 4-85 and the mixture refluxed for 45 minutes. The 

25 mixture was then cooled, neutralised and concentrated by vacuum 

distillation to give a resin of solids content 6% having a viscoBi' 
of about 30 poiBe. The resin contained about 4.6 sulphite radicals 
per 100 methylene radicals. 
Preparation of gelled resin "particles . 

30 To 100 parts of the concentrated resin solution were 

added 255 parts of a 3. 33$ phosphoric acid solution to give a 
solution having a reBin solids content of about 18$ and containing 
1% H jP0^ "based on the resin solids. The solution waB poured into 
a casting mould wherein it gelled within about ^ minutes of the 

35 acid addition. The resin gelled in an extended form and was then 
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broken into lumps which were dried overnight in an oven at 50°C. 
The dried reein was then cured by heating for 1 hour in an oven 
at 120°C and then ground in water to a particle size below 100 um. 
Micromeritio ex amina tion of the pigment Bhowed that it had a 
surface are of 12 m /g and a pore volume of 1.5 cm'/g. The 
particle density was O.47 g/cm 5 and the true density was I.56 g/cm 5 . 
A similar powder was prepared In the same way from a UP reBin having 
a formaldehyde: urea molar ratio of 2:1 but unmodified by inorganic 
oxyacid radioals. The two powders were used as pigments in paper 
handsheets using birch sulphate pulp as the papermaking furnish. 
Test of burst index, BI, which ie the burst pressure In KNnf 2 
divided by the substance In gaf 2 , and bulk of the papers gave the 
following results. 



• 

% particles 
in paper 


Particles with 
Bulphlte radicals 


Particles with no 
sulphite radicals 


BI 
KNg -1 


Bulk 

3 -1 
cm' g 


BI 
KNg" 1 


Bulk 

„ m 3 -1 
cm g 


0 


5.45 


1.46 


5.45 


I.46 


5 


5.54 


1.60 


2.99 


1.73 


10 


3.17 


1.66 


2.44 


1.88 



35 



EXAMPLE 2 

Pigment particles were prepared as in example 1 but 
diluting the concentrated sulphite containing resin solution to a 
solids oontent of 19# by addition of 160 parts of water followed 
by 90 parts of a % phosphorio acid solution. The amount of H PO 
was thus about 7% of the resin solids. The time to gelation was * 
18 minutes. 

EXAMPLE 3 

Example 2 was repeated but the concentrated resin 
solution was diluted directly to the solids content of 19# by 
addition of 250 parts of the % phosphoric acid solution. The 
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amount of H^PO^ vas thus about 19?6 based on the resin solids* 
The time to gelation was 5 minutes, 

The cured, but unground, gelled resin masses produced 

/ 3 

in Examples 1 to 3 each had a density of about 0.28 g/cm . 

5 EXAMPLE A 

50 parts of a concentrated sulphite modified resin 
solution produced as in Example 1 but having a solids content of 
6796 was mixed with 50 parts of a concentrated unmodified urea- 
formaldehyde resin having a formaldehyde :urea molar ratio of 2:1 

10 and a solids content of 66?6. The resultant mixture of reBinB was 
thus equivalent to a sulphite modified resin containing about 2. 3 
sulphite radicals per 100 methylene radicals* The mixture was 
diluted by addition of 200 parts of water followed by 200 parts 
of a 596 phosphoric acid solution to give a solution having a resin 

15 solids content of about 1% and contain i ng about 1596 t>&sed 
on the resin solids. This solution gelled in 10 minutes to give 
an extended mass which was dried and cured as in Example 1 to give 
a mass of cured density 0.14 g/cm • 

EXAMPLE 5 

20 Example 4 was repeated but diluting the mixed resin 

solution first with 800 parts of water followed by 100 parts of 
the 596 phosphoric acid solution. The final resin solids content 
was about 6.696 and, while the reBin gelled, it took 51 minutes to 
do so and the gelled mass had a hard outer skin enclosing a soft 

25 damp core. Satisfactory pigment particles could not be obtained 
therefrom. 

EXAMPLE 6 

Example 1 was. repeated save that the cured sulphite 
modified resin mass was ground dry to below 100 Jim and then further 

50 ground in water on a ball mill for 40 minutes. A slurry of the 
pigment particles was made and added in varying amounts to mechan- 
ical pulp together with 296 aluminium sulphate. Paper was made from 
the resultant mixtures and the burst index and density of the papers 
bo formed were measured. This proceedure was repeated using as the 

35 concentrated resin 
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(a) the mixture of the unmodified resin and the sulphite 

modified resin as used in Example 4, 

(b) the unmodified resin used in Example 4, 
The results are Bhown in the table. 



Composition of paper 


mole % S0j" In resin particles (based on -CHg-) 


Particles 

% 


Pulp 

% 


0 


2.3 


4.6 


BI 
KNg" 1 


density 

-3 
g cm 


BI 

m -1 
KNg 


density 
g cm 


BI 
KNg" 1 


density 

-3 
g em ' 


0 


100 


0.78 


0.402 


0.78 


0.402 


0.78 


0.402 


5 


95 


0.75 




0.78 


0.409 


0.87 


0.414 


10 


90 


0.70 


* 


0.71 


0.389 


0.77 


0.400 



10 



15 



20 



25 



50 
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Similar results were obtained when the resins were cured for 30 
minutes at 120°C instead of 1 hour. 

EXAMPLE 7 

A ure*-formaldehyde resin modified by about 0.93 phosphate 
radicals per 100 methylene radicals was made as follows: 

650 parte of formalin (36.4% formaldehyde, 5*796 methanol, 
acidity O.OI696) were mixed with 2 37 parts of urea (formaldehyde: 
urea molar ratio 2:1) and brought to pH 7 with caustic soda Solution, 
11.6 parte of sodium dihydrogen phosphate (NaH 2 P0^.2H 2 0) were added 
and the mixture heated to 55°C, when further caustic soda was added 
to bring the pH to 6.05# The mixture was refluxed for 30 minutes, 
acidified to pH 4.9 with formic acid solution and refluxed further 
for 50 minutes. The pH was then adjusted to 5.4 with caustic soda 
solution, cooled to 40 C and neutralised to pH 7 with more caustic 
soda solution. The resin was concentrated by heating under vacuum 
to remove 285 parts of distillate, 

EXAMPLE 8 

A urea-formaldehyde resin modified by about 0.93 phosphite 
radicals per 100 methylene radicals was made aB follows: 
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• * 

650 parte of formalin ana 237 parts of urea, as used 
in example 7 , were mixed with 16 parte of dieodium hydrogen 
phosphite (Na 2 H POj . 5H 2 0) and refluxed for 30 minutes. Formic 
aoid was added to reduoe the pH to 4.85 and the mixture was 
5 further refluxed for 44 minutes. Caustic soda was then added to 
change the pH to 5.45 1 the resin was cooled to 50°C and adjusted 
to pH 6.95. The resin waB concentrated under vacuum, removing 
555 parts of distillate. 

EXAMPLE 9 

10 a urea-formaldehyde resin modified by about 2.3 ©orate 

radioals per 100 methylene radicals was mads as follows* 

650 parts of formalin, and 237 parts of urea, as used 
in Example 7, were mixed and warmed to 40 C. 2.3 parts of bor.ic 
acid (H^BOj) and 14.2 parts of borax (NagB^ . lOHgO) were.die- 

15 solved in the mixture whioh was then refluxed for 30 minutes at 
pH 8.05. Formic acid was added to bring the pH to 4.85 and the 
mixture refluxed for a further 43 minuteB. Caustic soda was 
added to modify the pH to 5*6, the solution oooled to 50°C and 
finally adjusted with caustic soda to pH 7- The resin was con- 

20 centrated tinder vacuum to remove 345 parts of distillate. 

Pigment powders of high surface area could be made by 
gelling the resins of Examples 7 - 9 in extended form by the method 
described in Example 1. 
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1. Partioles of an aminoplast resin comprising a condensate 
of at least one amino compound selected from urea and melamine with 

■ 

formaldehyde containing 0.2 to 15 inorganic oxyacid radicals 
selected from sulphite, phosphate f phosphite, and borate radicals, 
per 100 methylene radicals in the resin, said particles having a 
surface area of at least 5 n /g. 

2. Particles according to claim 1 in which the inorganic 
oxyacid radicals are sulphite radicals, 

J. Particles according to claim 1 or claim 2 in which there 

are 0*5 to 10 inorganic oxyacid radicals in the resin per 100 
methylene radicals. 

4# A process for the manufacture of particles suitable for 

use as pigments in paper making comprises condensing at least one 
amino compound selected from urea and melamine with formaldehyde 
in the presence of 0.2 to 15 moles, per 100 moles of formaldehyde, 
of inorganio oxyacid radicals selected from sulphite, phosphate, 
phosphite, and borate radicals, adding sufficient of an aqueous 
acid to cause said resin to gel in an extended form, drying and 
curing the resultant gelled resin mass, and comminuting said cured 
gelled resin mass to powder form. 

5. A process according to claim 4 wherein the resin solution 
is caused to gel in an extended form by addition of suff ioient 
aqueous acid to give an acidified resin solution having a resin 
solids content of lees than 2596 by weight. 

6. A process according to claim 5 wherein the diluted resin 
solution has a resin solids content between 15 and 22% by weight. 

7. A process acoording to any one of claims 4 to 6 wherein 
sufficient acid 1b added to cause the resin to gel within 20 minutes. 

8. A prooess according to claim 7 wherein the amount of acid 
(expressed as 100% acid) is between 5 and 20% by weight of the resin 

• ■ 

solids. 

9. A prooess according to anyone of claims 4 to 8 wherein the 
cured gelled resin mass 1b comminuted to a particle size below 200 
pm. 

10. A process according to any one of claims 4 to 9 wherein 
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the oured reBin is oomminuted by grinding in water. 
11. Paper products oomprising cellulosio pulp, alone or in 

admixture with synthetic fibrous materials, and 1 to 2596 by weight, 
hased on the weight of the paper, of aminoplast resin particles 
according to any one of claims 1 to 3 or when made by a process 
aocording to any one of claims 4 to 10. 
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